An innovative method of L. caseiATCC 393encapsulation has been reported in the present study using pectin combined with alginate. The aim of this study was to investigate the effect of encapsulation on the survival of L. caseiATCC 393in yoghurt during long time storage, free or encapsulated in alginate and alginate pectin microspheres, and influence over yoghurt properties, particularly acidification. Over 35 days of storage in yoghurt, the encapsulated probiotic cells proved a higher viability compared with free probiotic cells. An even higher viability and stability was observed for the samples where pectin was used. Pectin acts as prebiotic during encapsulation of L. caseiATCC 393.
INTRODUCTION
Probiotics are defined as live microorganisms which pass the gastrointestinal tract, inducing so benefits to the consumer health (Tannock et al., 2000) . Due to this fact, the use of probiotics as Lactobacillus and Bifidobacteria in different dairy products, mostly in yogurts (Lourens-Hattingh and Viljoen, 2001) is of high interest. The most important factors that affect the efficiency of added probiotics are their amount at the consumption moment and the resistance in terms of viability during storage life and gastrointestinal passage. In the issue, probiotics have to be stable in the product, and must survive the passage of the digestive tract in large numbers, showing the ability to adhere and colonize in the intestine system (Champagne et al., 2005) . Therefore for dairy industry and probiotic based products, it is of high importance the protection of probiotic cells viability. There are some studies (Dave and Shah, 1997; Gilliland et al., 2002; Gilliland and Speck, 1977; Kailasapathy, 2006; Kailasapathy et al., 2000) that report a low resistance of probiotic cells in yogurt. Many yogurts have a low content of these cells number.
An increasingly widely used method for protection of probiotic cells form acidity (e.g. yogurt, stomach media) is microencapsulation (Jackson and Lee, 1991; Kailasapathy, 2002) . The probiotic cells are segregates from unfavorable environment using microencapsulation, leading to a reduction of cell damage. The low pH in the stomach (pH=2) can injure considerable the probiotic cells viability and their ability to adhere to the intestine, so the need for encapsulation or enteric coating of probiotic cellsis warranted. Different kinds of polymers used in the encapsulation process are reported as useful in probiotic cells protection in yogurts and dairy product during storage. From this studies we underline the microencapsulation using alginate (Hansen et al., 2002) , alginate and pectin (Gebara et al., 2013) . Bulk of these polymers used in the encapsulation process, such us alginate, are used in the common process of yogurt manufacture as food stabilizers. Instance, alginate is a biocompatible polysaccharide obtained by extraction from brown seaweeds, used in yogurt due to its property to improve viscosity and water binding ensuring stability in the yogurt mass. Alginate, by binding with divalent cations such as calcium, in different concentrations, hence increase of viscosity or form gels.
Microbial exopolysaccharides are also used as additives to an important variety of foods as stabilizing, emulsifying or gelling factors. De Vuyst(1999) shows that most of the lactic acid bacteria have the property of producing a small amount of heteropolysaccharides. This fact leads us to the conclusion that the incorporation of probiotic cells entrapped in polymers may, besides increase viability, also may improve textural properties of yogurt.
The human health is substantially engaged by favorable microbial metabolites, who are responsible for prophylaxis of many diseases through the ability to reinforce the immune system (Saulnier et al., 2009 ). The development and activity of these beneficial microbial metabolites is enhanced by the presence of prebiotics in the human gastrointestinal tract.
Prebiotics are components of different foods and have the ability to resist host digestion, absorption and adsorption. The prebiotics are fermented by the gastrointestinal system microflora, which can imitate the growth and/or the action of specific positive microorganisms in a selective manner. The useful effects of prebiotics are also associated to their effect on gut microbiota and their power to initiate specific fermentation products. Fermentation of polysaccharides leads to the production of short-chain fatty acids and varied gases with varied biological purpose. The biological results of prebiotics are determinants on their impact on gut microbiota structure and derived metabolites. Presently, many prebiotics are selected founded on their capacity to favor the growth of lactic-acid producing microorganisms. Studies have demonstrated that their presence may stamp down pathogen adhesion (Laparra and Sanz, 2010) , reduce the risk of colon carcinogenesis (Saad et al., 2013) , improve the absorption of minerals (Patel et al., 2013) , and modulate the secretion of gastrointestinal peptides implied in the appetite control (Delzenne et al., 2002) . Pectin and inulin are two of the most utilized prebiotics. They are not digest by gastric and pancreatic enzymes neither in vitro or in vivo (Saad et al., 2013) . Pectin belong to a family of complex polysaccharides comprising 1,4-linked a-D-galacturonic acid residues, widely used as prebiotic.
The addition of growth or protective promoting factors as prebiotics, such as pectin, have demonstrated to improve the survival of probiotic cells (Nazzaro et al., 2012 ) during storage and gastrointestinal passage.
MATERIALS AND METHODS

Microbial cultures, media and growth conditions
In the trial was used the strain Lactobacillus casei, purchased from Bioaqua, Romania. The lyophilized probiotic cells were planted in 5 ml MRS broth purchased from Merck, Germany. The process was followed by 24 h incubation at 37°C, and then cultivated in the same conditions in 95 ml broth. The probiotic cells suspension was separated from the broth by centrifugation at 3000 rpm for 5 minutes and 25°C. The obtained pellet was rinsed twice with sterile peptone water and suspended in samples of 30 ml broth, with 10 10 CFU/ml density. All glassware, and solutions utilized in the protocols were sterilized at 121°C for 15 min.
Microencapsulation of Lactobacilluscasei
For the encapsulation of L. casei two situations were addressed: encapsulation in alginate matrix and in a mixture of alginate pectin. The conditions used in the experimental work for the probiotic cells encapsulation were: a) 1.5% alginate; b) 1.5% alginate + 1,5% pectin. In the obtained mixture was added with the probiotic cells having 10 10 CFU/ml density. After a proper mixing, Multinozzle Biotech Encapsulator (EncapBioSistems Inc.) was used in order to obtain the microspheres. In the process a 300 μm nozzle was used. The microspheres were crosslinked in calcium chloride (Sigma Aldrich, Germany), (40 g/L), the hardening bath, for 30 min, and then rinsed with sterile sodium chloride (8.5 g/L).
Examination of alginate and alginatepectin microspheres
The dimensions, area, perimeter and diameter, of the obtained microspheres were determined using an Axio Observer Zeiss microscope.
Freeze drying of Lactobacilluscasei microspheres
Based on the previous research, before incor po ration of L. casei microspheres, in the yoghurt, the microspheres were freeze dried. The conditions used for the microspheres freeze drying were: -50°C and 0.05 mbar for 24h. For the process was used a CHRIST freeze drier. The freeze dried material was collected in sterile recipients. After the freeze drying, the freeze dried microspheres were mixed with the prepared yoghourt.
Preparation of yoghurt including microspheres
A single trial of yoghurt was prepared in order to test the incorporation of encapsulated probiotic cells. Milk whit 3,5% fat was inoculated with yoghurt starter culture and well homogenized. The obtained mixture was incubated at 37°C for 6 hours, followed by the incorporation of the alginate and alginate/pectin microspheres. After homogenization, the mixture was incubated at 37°C for another 18 hours. Process flow diagram is presented in Fig. 1 .
Dynamics of yoghurt acidification with
Lactobacilluscasei, free and encapsulated Dynamics of acidification to obtain yoghourt was comparatively studied with L. caseias free or encapsulated. The rate of acidification was established by monitoring the pH evolution in the three samples of milk to obtained yoghourt over a period of 45 h, incubated at 37°C.
Enumeration of probiotic cells
The microspheres were separated from the yoghourt by washing the yoghourt of the microspheres with saline water (0,85%) on a sterile sieve. The entrapped probiotic cells were released from the capsules using phosphate buffer. The enumeration of viable probiotic cells was conducted on each sample in triplicate from day 0 to day 35 from 5 to 5 days. 
Statistical analyses
Analysis of variance (ANOVA) was applied to all data for the alginate and alginate pectine microspheres in all samples in order to determine the stability, in terms of viability, of the entrapped probiotic cells along 35 days of storage in yoghourt. The mean values and the standard error were calculated from the triplicate data. The statistical evaluation was carried out using Graph Prism Version4.0 (Graph Pad Software Inc., San Diego, CA, USA). For the size determination all the calculations were performed using Microsoft Excel 2010.
RESULTS AND DISCUSSIONS
Physical examination of alginate and alginate/pectin microspheres. The size and the shape of the obtained microspheres were determined by optical microscopy. The resulted product of the encapsulation process used in this study was microspheres with a size range from 1.3 to 1.7 mm. The shape of the microspheres was generally spherical. The area of the microspheres ranges from 4 to 4.3 mm 2 and the perimeter from 8 to 8.3 mm.
Pectin grains were lay out in the microsphere mass ( Fig. 2 (a) and (b) ) while the probiotic cells were distributed randomly in the alginate matrix.
Yoghourt with microspheres
The approach adopted for the incorporation of the encapsulated probiotic cells in the yoghourt in this study was: the microspheres were added after 6 hours of incubation at 37°C with yoghourt started cultures. In the literature (Sultana et al., 2000) is reported that free probiotic cells like Lactobacilus strains have a low tolerance to the environmental factors when are grown in mixture with other yoghourt starter cultures.
Dynamics of yoghourt acidification Acidification dynamics was followed over a period of 48 h, after inoculation with encapsulated and non-encapsulated L. casei in the milk used for yoghourt preparation. The incipient inoculum for the cultures was around 10 10 CFU/ml. The acidification ratio for the encapsulated probiotic cells was slower than that notice for the free cells incubated under comparable conditions (Fig. 3) . The necessary time for the encapsulated probiotic cells to reach at the same end point of acidity level is longer than that achieve by the free probiotic cells. For example, the non-encapsulated probiotic cells reached to pH of 5.2 after 6 h meanwhile in the encapsulated sample this pH was reached in more than 25 h. Resembling model was also noticed by (Sultana et al., 2000) . They used alginate starch matrix for the encapsulation and reached to the conclusion that the encapsulated cells took 20% longer compared with free cells to reduce the pH of milk to 5. This fact leads us to the conclusion that the assimilation and the release of metabolites across the encapsulated alginate pectin matrix are slower. No statistical significant difference was notice between alginate and alginate pectin encapsulation model.
a.
b. Fig. 2 Microscopical image of L. casei entrapped in alginate pectin microsphere, using 400 and 50 magnification. 
Viability of the entrapped Lactobacilluscasei in the yoghourt over 35 days
Monitoring the viability of the probiotic cells was made over a period of 35 days, the tests being performed at each 5 days, during storage at 4°C. The study of survival of viable probiotic cells in the alginate and alginate-pectin microspheres demonstrated a pattern. There was a decrease of about 1 log 10 as compared to the original number of probiotic cells present in the first day, over 35 days period, in both encapsulated forms.
In the Fig. 4 it is represented the survival rate (log 10 CFU/g) of L. caseiin the alginate microspheres, stored in yoghourt over 35 days. The Fig. 5 shows the decrease of viability in the alginate-pectin microspheres. It can be observed that the decrease of probiotic cells viability was not more than 2 log 10 in the first 15 days in the alginate pectin microspheres.
However, during the other 20 days, the decrease is more significant, L. caseicells being found in a number of only 10 4 CFU/g in samples of yoghourt. 
CONCLUSIONS
An innovative method of L. caseiencapsulation has been reported in the present study using pectin combined with alginate. Pectin acts as prebiotic during encapsulation of L. casei since it does enhance the survival of the probiotic cells. Further studies need to be carried out in order to observe the behavior of encapsulated L. caseiin alginate/ pectin mixture in gastro-intestinal conditions.Furthermore, the assessment of sensorial characteristics of yoghourtcontaining encapsulated L. casei will reveal any change in yoghourt texture and sensorial characteristics.
